Introduction
The sustainability of agriculture can be defined as the capacity of an agroecosystem to maintain the quality and quantity of natural resources in the medium and long term, reconciling agricultural productivity with the reduction of impacts on the environment and considering social needs of rural communities (Brown, 1987 cited by Zinck et al., 2004) . Other authors, cited by Gómez-Limón et al. (2011) , define sustainable agriculture as the one that promotes food security, conserves natural resources, protects the environment and is economically viable. To evaluate sustainability, the use of mathematical models, time series, indicators, among others have been suggested (Gómez-Limón et al., 2011) . According to De Muner (2011) , sustainability evaluation studies of production systems that use indicators turned out to be an effective tool for evaluating the ecological, economic and social sustainability of agricultural production systems, as in the case of the family production system of Arabica coffee in Espírito Santo in Brazil. Meza and Julca (2015) have also used indicators to evaluate cassava cropping systems in Cusco, Perú. Recently, they have also used indicators in Ecuador to evaluate productive units in the Amazon (Bravo-Medina et al., 2017) . But there are also authors who indicate that sustainability indicators, in general, cannot be considered universal, and due to the way of inferring the conditions of an agroecosystem, they are not commonly used by farmers (Gómez et al., 1996 , Masera, 1999 . There are other methodologies that allow the comparison of farms sustainability independently 9 from the existing situations. For example, Altieri and Nicholls (2002) , proposed a rapid agroecological method for sustainability evaluation of coffee plantations and has been used by Merma and Julca (2012) to evaluate the sustainability of diverse production systems in Cusco (Perú). However, this method only evaluates the quality of the soil and the health of the crop, and it does not consider the three dimensions of sustainability (Márquez and Julca, 2015) . But it is a relatively simple tool, its use can be extended and its practicity widespread between farmers and field technicians, especially for preliminary studies of sustainability of agricultural production systems.
In Peru, cacao (Theobroma cacao) is a crop of great importance and there are several regions that have edaphoclimatic conditions that favor the development of this crop, as is the case of San Martín (Arévalo et al., 2004) . The crop is grown under shade in agroforestry systems, associated almost exclusively with small producers and has always been used in alternative development programs in coca-growing areas. This work was carried out with the objective of knowing the sustainability of cacao farms in the district of Huicungo (San Martín, Peru) with the "rapid agro-ecological method".
Materials and Methods
This study was carried out in the middle part of the subbasin of the Huayabamba River, located in the San Martín region, province of Mariscal Cáceres, Huicungo district. The area is a tropical humid forest (bh-t), with an average annual rainfall of 1,200 mm, an average annual temperature of 30°C, a maximum annual average of 35°C, and the minimum annual average is 23.2°C. For the sustainability analysis, we selected three "type farms" from each of the three groups that exist in the area. Group I (68% of the farms), is characterized by developing other activities parallel to the cultivation of cacao, has a conventional production system, with polyclonal plantations and a yield of 963 kg/ha. Group II (13% of farms) basically has organic production farms, where hybrid plantations associated with CCN51 predominate, with a yield of 623 kg/ha. In group III (19% of the farms), monoclonal plantations exist using only CCN-51, with a yield of 933 kg/ha (Tuesta et al., 2014) . Studies using "type farms" have been carried out by Salazar (2012) , Collantes (2016) and Santistevan et al. (2017) . Indicators of soil quality and health of the cacao crop were evaluated in each of the "type farms". Each indicator can have values ranging from 1 to 10, with 1 being the least sustainable value and 10 the most sustainable value. The valuation given to each indicator was validated with producers and professionals with experience with this crop. The indicators used in the present study were obtained from the proposal of Altieri and Nicholls (2002) and Araujo et al. (2008) . Details are shown in Table 1 . With the collected data, a Duncan Test (p ≤ 0.05) was performed to determine the statistical differences between the "type farms". Subsequently, amoeba graphics were made for soil quality and crop health.
Results and Discussion
Soil quality-In general terms, a different behavior of soil quality was found in each "type farm"; but type II, had higher values for half of the indicators evaluated as CS3 (color, smell and organic matter), which logically is related to CS4 (moisture retention), CS6 (lower risk of erosion), CS7 ( structure) and CS10 (microbial activity). This is important, because the physical properties of the soil and the organic matter content of the soils are the variables with the greatest contribution to the integral fertility, suggesting an adequate physical and biological condition, which helps the penetration and development of roots. Hence, they favor the use of nutrients and water in the soil (Power, 2010 , Viana et al., 2014 , Bravo et al., 2015 , cited by BravoMedina et al., 2017 . The structure and moisture retention are favored by the presence of organic matter (Julca et al., 2006) . Soil quality had average values greater than five, although practically similar to each other (6.99, 7.04 and 6.97, for "type farms" I, II and III, respectively), so there were no statistical differences between them, as shown in table 2 and illustrated in figure 1. These results are explained as a response to the fact that cacao cultivation is mainly developed under an agroforestry system, being the one that most resembles a natural forest (Müller, 2006) . Somarriba (2006) , points out that agroforestry systems promote the conservation and fertility of soils, besides being the best form of land use in tropical climates (Lobão et al., 2004) and recommended for organic production. Other authors state that organic production has a positive impact on soil quality, on the amount of microorganisms (Hole et al., 2005) and can reduce soil erosion (Arnhold et al., 2014) . Larrea (2007) and Araujo et al. (2008) , report a partial sustainability in agroforestry systems with cocoa using indicators for the soil.
Crop health-It was different in each "type farm". Farm type I, had higher values for most of the indicators studied, with the exception of SC3 (damage incidence) and SC7 (management system), which was better for type III and II, respectively. The average values were greater than five, although the "farm types" I (6.56) and III (6.28) were statistically superior to type II (5.76). But, there are still some aspects that can be improved by performing some cultural activities that could improve the performance of the crop in general, as shown in Figure 1 . For example, Pria and Camargo (1997) , point out that pruning is one of the ways to control many diseases in the cultivation of cacao. In other crops of the tropics, such as coffee, its effect has also been demonstrated to reduce the incidence levels of rust (Rafael-Rutte et al., 2014) . The development of suitable technological practices and their application by the grower helps to improve yield and quality of cacao (PROAMAZONÍA, 2003) . The potential of cacao will be exhibited by using profitable and sustainable technologies to guarantee the livelihood of the grower now and in the future (IICA, 2006 If we do the exercise of obtaining the average for each farm [(CS + SC) / 2], we obtain values of 6.8, 6.4 and 6.6 for farms type I, II and III, respectively. The three groups exceed the value of five, considered as the "threshold of sustainability" (Altieri and Nicholls, 2002) , meaning that all cacao farms evaluated with the "rapid agro-ecological method" can be considered sustainable. This can be explained due to the work conducted for years in the San Martin region with the cultivation of cacao since the development of sustainable production systems implies a continuous adaptation to local or regional socioeconomic and ecological circumstances (Nieto and Caicedo, 2012) .
The method used in the present study is relatively simple and can be used by farmers and field technicians, especially for preliminary sustainability studies of agricultural production systems. Because sustainability studies should have a broader criterion always considering the three dimensions of sustainability (Márquez and Julca, 2015) .
Conclusions
Using the "rapid agro-ecological method", the cacao farms of Huicungo (San Martín) are sustainable. The method is relatively simple and can be used especially for preliminary sustainability studies of agricultural production systems. 
